Heteroaliphatic ring-containing compounds are of highvalue with high sp 3 content and a stereo-defined 3D architecture.
1
Tetrahydrofurans with substitution at the 2-and 5-positions are recurring motifs across several natural product families and synthetic analogues of medicinal importance that exhibit remarkable bioactivity.
2
Their sulfur-containing analogues, tetrahydrothiophenes, also can be found at the heart of bioactive compounds as well as valuable catalysts and ligands. Following the pioneering work of Fokin, Gevorgyan and Murakami, 5 the 1-sulfonyl triazole (1-ST) motif has been widely adopted as a metal carbenoid 6 precursor and the resulting rich chemistry which can be achieved therewith (Scheme 1a). The reactivity of 1-STs is driven by the presence of the electronwithdrawing sulfonyl group which, under certain circumstances, promotes Dimroth equilibration of the heterocycle (1⇌1′). 7 Typically, this equilibrium is reached in the presence of a transition metal catalyst at elevated temperatures and the catalyst triggers denitrogenation to form the corresponding metal carbenoid 2. Using this approach, several novel methods of accessing value-added products have recently emerged.
5, [8] [9] [10] [11] Previously, this strategy was applied to the diasetereoselective synthesis of functionalized dihydrofuran-3-one imines 5 from 1-STs with a β-allyloxy group at the 5-position of the triazole (4, Scheme 1b). 10 Herein, the development of a complimentary reaction 11 is described where a rhodium(II) catalyst promotes denitrogenation from 1-STs 7 bearing a γ-allyloxy group at the 4-position to deliver saturated hetereocycles with a 2-tetrasubstituted center 8 (Scheme 1c). Importantly, these products would be inaccessible using rhodium catalysts with traditional α-diazo aldehyde starting materials.
12
The substitution pattern of the triazoles (7) required for this study was readily achieved by copper-catalyzed cycloaddition between simple alkyne precursors 6 and a sulfonyl azide.
13
Rhodium(II) acetate was effective in promoting the loss of nitrogen from the 1-ST 7a at elevated temperatures, resulting in selective formation of a single product that was identified as the 2,5-cis-disubstituted tetrahydrofuran 8a (Scheme 2). 14 These conditions are similar to those applied to the isomeric substrates, 10 although in this case a lower temperature was required to promote the reaction (70 vs 90°C).
Scheme 2. 1-ST synthesis and reactivity.
The N-tosylimine 8a was unstable to purification by silica gel chromatography. However, the N-tosylimine is known to be a valuable functional group for further transformation. 15 In this case, the crude imine 8a was: hydrolyzed to the corresponding aldehyde 9a by stirring with wet basic alumina (Brockmann III); 16 reduced to the sulfonamide 11a; or directly transformed into the corresponding 1,3-dithiane 12a. These functional groups are useful for further manipulation as demonstrated by the formation of the spirocyclic compound 10a by intramolecular hydroacylation.
To probe the scope of this reaction, a range of 1-STs was subjected to denitrogenative rearrangement and in each case, the corresponding tetrahydrofur-2-yl methyl imine 8 was formed.
The imines were hydrolyzed to give the corresponding aldehydes 9b-e, or reduced to give sulfonamides 11f,g in high overall yield (Figure 1 ). The diastereocontrol was excellent with all substituents effectively controlling the formation of the new tetrasubstituted center (dr 18:1 to >20:1). Substrates with a selection of substituted sulfonyl groups could be used in the transformation with no significant erosion of yield or diastereoselectivity (13, 14) . The reaction conditions required to promote denitrogenation and rearrangement (7→8) were found to be orthogonal to the copper-catalyzed formation of the 1-ST precursors (6→7).
Accordingly, following conversion of the alkyne substrates to the corresponding 1-STs, the reaction mixture was diluted, rhodium(II) acetate was added and the mixture heated to 70 °C, followed by hydrolysis to form the heterocyclic aldehydes in an efficient one pot-protocol (6→7→8→9).
14 Scheme 3. Fragmentation of substrates with aromatic substituents.
By way of contrast, substrates bearing an aromatic substituent 7h-j only formed a trace of the tetrahydrofuran product 8 under the reaction conditions (Scheme 3). Instead, the major products were the unsaturated imine 15 and a styrene 16 which derived from fragmentation of the substrate. Altering the electronic character of the aromatic group did not have a significant effect and in each case fragmentation was the major outcome.
In addition to rearrangement of an O-allyl group, the Opropargyl motif was also investigated. The substrate 17 underwent rhodium(II)-catalyzed cyclization followed by hydrolysis to give the corresponding 2-allenyl tetrahydrofuran 18
with good yield and diastereoselectivity (Scheme 4). 
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